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Why Digital Thread? 

Digital Thread and Digital Twin 

9.3 Game Changers 
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USAF DT Projects: 

 “Testing the DT Concept” 

Digital Thread for Material 
Review Board Processes 

DT 
Products: 

Reducing Developmental 
T&E Cycle Time 

Digital 
Twin 

Service Life Extension Program Study 

EMD Study 

ISR Multi-
Resolution 

Analysis 

ERS: Adv Air 
Refueling 

Assessment of 
CREATE-AV 

ID of Data Elements;  
Initial Architecture  

Analysis Tools;  
Tech Gaps;  

Follow-on Programs 

Estimation of Benefits;  
Rack & Stack of Attributes 

ID of Data Elements;   
Process and Algorithm 

ID of Data Elements;   
Process and Algorithm 

ID of Data Elements;  
Surrogate representation 

Tool development 

$ 

$ 

$ 

$ Planned 

$ 

$ 

$ 

$ 

Projects not intended to develop the DT infrastructure,  
but rather to set the stage for doing so 
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An Analogy: 

The Future of Healthcare 

Future Healthcare will be 
Predictive, Integrated, 

Personalized, and Preventative 

“TO BE” State: 

• Treatments are based on 
early identification of 
disease & disease 
precursors 

• Electronic Medical Records 
& Personal Health Records 
available to patients & 
providers 

• Preventative medicine 
& disease treatments are 
personalized to each patient 

• Majority of effort is in  
predicting, preventing, 
& managing disease 
throughout life 

 

Prenatal 
Medicine 

Obstetric 
Medicine 

Neonatal 
Medicine 

Pediatric 
Medicine 

Adult 
Medicine 

Geriatric 
Medicine 

Genetics 

Physical 
Makeup & 
Condition 

Environment, 
Diet, & 

Lifestyle 
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The Future of 

Aircraft Lifecycle Management 

“TO BE” State: 

• Maintenance based on 
early identification of 
damage & damage 
precursors 

• Individual aircraft history 
available to operators, 
maintainers, & 
engineers 

• Preventative maintenance 
& repairs / retrofits are 
personalized to each aircraft 

• Majority of effort is in  
predicting, preventing, 
& managing damage state 
throughout life 

 

Future Lifecycle Management will be 
Predictive, Integrated, 

Individualized, and Preventative 

Concept 
Development 

Design 

Test & 
Evaluation 

Production 

Operation 

Sustainment 
Design & 

Performance 

Materials, 
Processing, & 
Manufacturing 

Operation & 
Maintenance 
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Concept 
Development 

Design 

Test & 
Evaluation 

Production 

Operation 

Sustainment 
Design & 

Performance 

Materials, 
Processing, & 
Manufacturing 

Operation & 
Maintenance 

 

MAIN TECHNICAL GOALS: 

• Use ALL AVAILABLE INFORMATION 

in analyses 

• Use PHYSICS to inform analyses 

• Use PROBABILISTIC METHODS 

to quantify program risks 

• CLOSE THE LOOP from the 

beginning to the end and back to the 

beginning of the acquisition lifecycle 

The Future of 

Aircraft Lifecycle Management 

“TO BE” State: 

• Maintenance based on 
early identification of 
damage & damage 
precursors 

• Individual aircraft history 
available to operators, 
maintainers, & 
engineers 

• Preventative maintenance 
& repairs / retrofits are 
personalized to each aircraft 

• Majority of effort is in  
predicting, preventing, 
& managing damage state 
throughout life 

 

Future Lifecycle Management will be 
Predictive, Integrated, 

Individualized, and Preventative 
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Digital Thread Analysis Progression 

• Develop preliminary models & 

req’ts in Concept Development 

• Develop detailed  

“as designed” models  

& req’ts in Design 

• Validate/calibrate in  

Test & Evaluation 

• Update using “as built”  

data from Production 

• Update using “as flown”  

data from Operation 

• Update using “as maintained” 

data from Sustainment 

Requires formalized framework(s) for linking & updating 
across both acquisition phases and technical domains. 
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USAF DT Projects: 

“Testing the Digital Thread Concept” 

DT  
Products: 

Reducing Developmental 
T&E Cycle Time 

Projects not intended to develop the DT infrastructure,  
but rather to set the stage for doing so 

ISR Multi-
Resolution 

Analysis 

ERS: Adv Air 
Refueling 

Assessment of 
CREATE-AV 

ID of Data Elements;  Process 
and Algorithm 

ID of Data Elements;  Process 
and Algorithm 

ID of Data Elements;  
Surrogate representation 

Tool development 

$ 

$ 

$ 

$ Planned 

Digital Thread for Material 
Review Board Processes 

ID of Data Elements;  
Initial Architecture  

$ 

Digital 
Twin 

Analysis Tools;  
Tech Gaps;  

Follow-on Programs 
$ 

Service Life Extension Program Study 

EMD Study 

Estimation of Benefits;  
Rack & Stack of Attributes 

$ 

$ 

  

 FY14   FY15     FY16        FY17          FY18         FY19 

SLEP & EMD 
Studies 

MRB Pilot 

Digital Twin 
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The “Airframe Digital Twin for  

Individual Aircraft Tracking” Use Case 

Individual Aircraft Tracking Program (IATP) 

• Required by MIL-STD-1530C 

• Used to adjust structural inspection, 

modification, overhaul, and replacement 

times based on the actual, measured 

usage of the individual aircraft 

• Used to forecast when aircraft structural 

component life limits will be reached 

• Requires development of analysis 

methods and collection of 

actual usage data 

Scope of the “ADT IATP” Use Case:  

• Acquisition Activity: Operation & Sustainment 

• “Performance” Parameters: Structural Life Predictions 

• Applicability: Airframe Structures 

ASIP Individual Aircraft Tracking Program 
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Two “Probabilistic & Prognostic IAT”  

ADT Spiral 1 6.2 Contracts Underway 

USE ALL INFO 
FDR Data 
NDE Data 

USE PHYSICS 
Fluid Dynamics 

Structural Mechanics 
Materials Sci & Eng’g 

USE 
PROBABILISTIC 

ANALYSIS 

CLOSE LOOP 
Automated 

Probabilistic Updating 

Scalable 
Accurate  
Flexible  
Efficient  
Robust  

Open 
Flexible 

Extensible 
Maintainable 

Sources  
Ranked 

Individual 
AC 

Tracking  

Sources of 
Uncertainty 

Mission Mix A 

Mission Mix B 

Mission Mix Z 

Future Mission Selection 

Probabilistic Future 
Usage  

Future Mission Selection 

Damage State  

Awareness 

Onboard Sensors Off Board NDI 

OPTICAL STRAIN GAUGE MWM EDDY CURRENT  ROSETTES 
ULTRASONIC SENSORS 

ELECTRO - CHEMICAL FATIGUE SENSOR 

25 mm 

Structural Analysis &  

Damage Progression 

Sources 
Ranked 

Usage Awareness 

StS-RtS 

https://www.fbo.gov/index?s=opportunity&mode=form&id=0b10f8d15837d4ad47ca81da9e97cfcd&tab=core&_cview=1 

https://www.fbo.gov/index?s=opportunity&mode=form&id=0b10f8d15837d4ad47ca81da9e97cfcd&tab=core&_cview=1
https://www.fbo.gov/index?s=opportunity&mode=form&id=0b10f8d15837d4ad47ca81da9e97cfcd&tab=core&_cview=1
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“The Digital Thread for Material Review 

Board Processes” Use Case  

The Material Review Board 

• Decision-making Authority for Engineering Disposition of  

Non-conforming Articles during Production 

• Convened when material non-conformances are discovered after 

significant value has been added to the manufactured article 

• Dispositions require an assessment of the impact of the nonconformance 

and potential rework/repair actions on the performance of the article 

– Information gathering, engineering analysis, repair development 

– Impact to production schedule and cost 

Scope of the “The Digital Thread for MRB” Use Case:  

• Acquisition Activity: Manufacturing/Production 

• “Performance” Parameters: Key Characteristics 

• Applicability: Nonconforming Articles 
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Two “DT for MRB Processes”  

6.3 Contracts Awarded 

DT for MRB 
Infrastructure 

DT for MRB 
Tech Data 
Package 

Standards 

DT for 
Enhanced MRB 

Efficiency 

DT for 
Reduced MRB 
Occurrences 

DT for MRB 
Metrics & 

Business Cases 

https://www.fbo.gov/index?s=opportunity&mode=form&id=31b783542ca9a65f06fc8ee98f5a379d&tab=core&tabmode=list&= 

https://www.fbo.gov/index?s=opportunity&mode=form&id=31b783542ca9a65f06fc8ee98f5a379d&tab=core&tabmode=list&=
https://www.fbo.gov/index?s=opportunity&mode=form&id=31b783542ca9a65f06fc8ee98f5a379d&tab=core&tabmode=list&=
https://www.fbo.gov/index?s=opportunity&mode=form&id=31b783542ca9a65f06fc8ee98f5a379d&tab=core&tabmode=list&=
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• 6-mo. Studies w/ Industry 

• Focus on Airframe Structures 

 

 

 

• Use Case Brainstorming 

• Use Case Definition 

• Estimation of Benefits 

 

AFRL Digital Thread Studies 

Acquisition Activity to Extend 
the Life of a Fleet of Aircraft  

Third Phase of the System 
Acquisition Life Cycle as defined 
and established by DoDI 5000.02 
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Stick-to-stress Dynamic Flight 

Simulation Technology 
Application to both ERS & DT 
for Fixed-wing Vehicles? 

http://www.meetingdata.utcdayton.com/agenda/asip/2013/proceedings/presentations/P7299.pdf 
 

http://www.meetingdata.utcdayton.com/agenda/asip/2013/proceedings/presentations/P7299.pdf
http://www.meetingdata.utcdayton.com/agenda/asip/2013/proceedings/presentations/P7299.pdf

